The effects of dietary conjugated linoleic acid (CLA) on fatty acid composition, lipid oxidation, and pork quality were investigated. Pigs (n = 20) were fed a diet containing 0, 1, 2.5, or 5% CLA for 4 wk and slaughtered at 105 kg. The longissimus thoracis et lumborum muscle was collected at 24 h postmortem. Pork loin chops (3 cm thick) were packaged aerobically and stored at 4°C for 7 d. Samples were analyzed for ultimate pH, intramuscular fat content, fatty acid composition, thiobarbituric acid-reactive substances, color (L*, a*, b*), and water-holding capacity. Dietary CLA reduced the concentration of linoleic acid and increased CLA concentration in intramuscular fat of pork loin (P < 0.05). The concentration of CLA in muscle was increased with dietary CLA level and did not change
Introduction
Conjugated linoleic acid (CLA) has been recognized as having anticarcinogenic and antioxidative properties in several animal models (Ha et al., 1987; 1990) , enhancing the growth and feed efficiency (Chin et al., 1994) , and reducing whole body fat via fat-to-lean partitioning (Park et al., 1997; DeLany et al., 1999; Stangl, 2000) in some animal species. Also, CLA has been shown to have beneficial effects on human health (Ip et al., 1995; Belury et al., 1996) .
Small amounts of CLA (0.6 mg/g fat) are present in pork (Chin et al., 1992) . The only plausible way to increase muscle CLA content effectively would be to 1 during storage. Thiobarbituric acid-reactive substance value of control was higher than that of the CLA-fed groups (P < 0.05). Intramuscular fat content was increased by dietary CLA, and less purge loss was observed with samples from CLA-fed pigs (P < 0.05). Dietary CLA improved the color stability of pork loin during cold storage. After 7 d, lightness (L*) and yellowness (b*) of the 5% CLA-fed group were significantly lower than those of control (P < 0.05). The results indicated that the water-holding capacity of pork loin was increased with increased intramuscular fat content apparently caused by dietary CLA. Also, the data indicated that color stability of pork was improved with inhibition of lipid oxidation and changing of fatty acid composition by dietary CLA.
provide chemically synthesized CLA as a dietary supplement. Dugan et al. (1997) reported that feeding a 2% CLA diet to finisher pigs resulted in a repartitioning effect of carcass fat to lean. Their subsequent research showed that feeding diets containing CLA increased intramuscular fat levels, but did not improve palatability (Dugan et al., 1999) . Joo et al. (2000) reported a positive relationship between water-holding capacity (WHC) and intramuscular fat content. The WHC of pork might be improved due to increased intramuscular fat resulting from dietary CLA. Recently, Du et al. (2000) reported that color stability in fresh chicken meat was improved by dietary CLA. In general, color stability of meat appears related to lipid oxidation (Chan et al., 1996) . If lipid oxidation could be reduced by altering fatty acid composition via dietary CLA, the oxidation of meat color pigment also might be inhibited during storage.
The purpose of this study was to determine if fatty acid composition in pork could be changed by feeding different levels of CLA to pigs. We also determined the effect of porcine muscle CLA content on WHC and color in pork.
Materials and Methods

Animals and Diet
Gilts (n = 20; 5 mo old; Landrace × Large White × Duroc), were randomly assigned to one of four diets containing 0 (control), 1, 2.5, or 5% CLA. The CLA was chemically synthesized by alkaline isomerization of safflower oil and purified by the low-temperature precipitation method of Ha et al. (1990) . Purity of the CLA was 91%, consisting of four major CLA isomers (cis, 11, trans, 12, trans, 11, and trans, 12 CLA) . The purity and composition were confirmed using the method of Kim et al. (2000) . The basal diet was identical to the NRC (1988) standard ration specification for the diet of finishing pigs and was purchased from a commercial feed company (WoosungSaryeo Ltd., Daejon, Korea). The treatment diets (1, 2.5, and 5% CLA) were prepared by mixing an appropriate amount of synthesized CLA with the basal diet by weight. After 4 wk of feeding with experimental diets, pigs were slaughtered (approximately 105 kg).
Pork Quality Measurements
The left and right pork loins were sampled at 24 h postmortem and transported to the laboratory immediately. From each loin, the longissimus thoracis et lum borum was removed, starting at the seventh thoracic vertebra and continuing to the third lumbar vertebra, and used to prepare chops (3 cm). The first and most cranial section of longissimus was dissected and measured for final pH, percentage drip loss, intramuscular fat content, and fatty acid composition. Samples were also analyzed for thiobarbituric acid-reactive substances (TBARS), color values (L*, a*, b*) and percentage purge loss at 1, 3, 5, and 7 d of storage at 4°C.
Muscle final pH was measured in muscle homogenates. Intramuscular lipid content was determined by ether extraction for 48 h (AOAC, 1995) . The WHC was determined by percentage drip loss and purge loss (Honikel et al., 1986) . Drip loss was measured as the weight Means within a row with unlike superscripts are different (P < 0.05) (n = 5).
loss during suspension of a standardized (3.5 cm diameter × 3 cm thick) sample in a plastic box (18 × 15 × 10 cm) over 48 h at 4°C. Purge loss was measured as the weight loss of pork loin chop wrapped with oxygenpermeable film during storage. Surface meat color (CIE L*, a*, b*) was measured in triplicate on a freshly cut surface after a 30-min bloom time using a Minolta Chromameter (Minolta CR 301; Tokyo, Japan). Lipid oxidation was determined by a thiobarbituric acid assay. Five grams of sample was added to 22.5 mL of 12% trichloracetic acid, homogenized, and filtered with Whatman No.1 filter paper. One milliliter of the resulting solution was added to 1 mL of 20 mM thiobarbituric acid and incubated at 25°C for 24 h. The absorbance at 531 nm was recorded and expressed as TBARS.
Fatty Acid Analyses
Lipids were extracted with chloroform and methanol as described by Folch et al. (1957) . Meat sample (ca. 5 g) was combined with 50 mL of Folch solution (chloroform:methanol, 2:1, vol/vol) and 50 µL of BHA (butylhydroxyanisole)(450 µ/mL) and homogenized with a Polytron homogenizer (IKA Labortechnik T25-B, Selangor, Malaysia) for 30 s. The homogenate was filtered with Whatman No. 1 filter paper. The residue and filter paper were blended with 50 mL of the Folch solution and then again filtered. Distilled water (25 mL) was added to the filtered solution and centrifuged at 500 × g for 10 min. The upper layer (methanol and water layer) was removed using an aspirator, and the bottom layer (chloroform containing lipid extracts) was passed through anhydrous sodium sulfate (Na 2 SO 4 ). The Na 2 SO 4 was rinsed with 30 mL of chloroform. The extracts were concentrated using a rotary-evaporator at 40°C under nitrogen and stored at −40°C until required for analysis. For lipid hydrolysis, an aliquot of lipid extract (30 mg) and 3 mL of 4% H 2 SO 4 in methanol were combined in a screw-capped test tube. The test tube was placed in boiling water at 100°C for 20 min and subsequently cooled at room temperature. The resulting free fatty acids were methylated with 1 mL of Means within a same column with unlike superscripts are different (P < 0.05) (n = 5).
14% boron trifluoride in methanol at room temperature for 30 min. Water (1 mL) and hexane (5 mL) were added. Samples were vortexed and centrifuged at 500 × g for 10 min. The upper organic solvent layer was used to quantify fatty acids by gas chromatography. Fatty acid methyl esters were analyzed on a gas chromatograph (Shimadzu GC-14A; Tokyo, Japan) with an on-column injector port and flame-ionization detector. A Silar capillary column (30 m × 0.32 mm × 0.25 µm; Shimadzu) was used for the separation of the fatty acid methyl esters. The gas chromatograph oven temperature was 140°C, and increased at a rate of 2°C/min to a final temperature of 230°C. The injector port and detector temperatures were set at 240°C and 250°C, respectively. Fatty acid methyl ester (1 mL) was injected onto the split injection port (100:1 split ratio). The flow rate for He carrier gas was 50 mL/min.
Statistical Analysis
The effects of dietary CLA level on the concentration of CLA, fatty acid composition, lipid oxidation, color, and WHC of pork loin were analyzed by ANOVA using SAS (SAS Inst. Inc., Cary, NC). Duncan's multiple range test was used to compare differences among mean values at 5% level of significance. Mean values and SEM are reported.
Results and Discussion
The effect of different levels of dietary CLA on intramuscular fatty acid composition of pork loin is pre- Means within a row with unlike superscripts are different (P < 0.05) (n = 5).
sented in Table 1 . The pork loin from CLA-fed groups showed significantly higher CLA content compared with the control (P < 0.05). Chin et al. (1994) reported that intestinal bacteria of rats had the ability to synthesize CLA from linoleic acid. However, pigs subjected to the control diet did not appear to have the ability to accumulate CLA in loin muscle. Du et al. (1999) reported that the amount of CLA in egg yolk was affected by dietary CLA. Similarly, we observed that muscle CLA concentration increased with increased CLA in the diet. This result implied that dietary CLA was a good source to elevate CLA in pig muscle and the CLA concentration depended on CLA level of diet. Dietary CLA influenced the fatty acid composition of pork loin intramuscular fat. Linoleic acid concentration was significantly decreased by dietary CLA (P < 0.05). Both Ha et al. (1989) and Chin et al. (1994) reported that the amount of linoleic acid in rats, as CLA precursors, decreased as CLA content increased. Decreasing of linoleic acid in pork loin seemed to be replaced by CLA as dietary levels of CLA increased (Table 1) . Du et al. (2000) also reported a decreased concentration of linoleic acid in raw chicken meat resulting from dietary CLA. Lin et al. (1995) reported that oleic acid increased as CLA content increased in fermented dairy products. However, our results showed that oleic acid content decreased with increased CLA content. Fatty acid analysis showed that dietary CLA reduced the total content of unsaturated fatty acids, but increased total saturated fatty acids in pork loin.
Lipid oxidation (TBARS) of control loins increased rapidly with storage compared with samples from CLA- Means within a same column with unlike superscripts are different (P < 0.05) (n = 5).
fed groups ( Table 2 ). The CLA concentration of longissimus was not changed during 7 d of storage. After 7 d of storage, TBARS values of loins from pigs fed CLA were significantly lower than those of controls (P < 0.05). Shantha et al. (1994) reported that lipid oxidation of cooked beef did not affect CLA concentrations during storage. In this study, no changes in CLA contents with increasing TBARS during 7 d of chilled storage were observed. The lack of changes in CLA contents during storage could be due to the greater stability of CLA compared with polyunsaturated fatty acids (Shantha et al., 1994) . It is also possible that tissue CLA could slow lipid oxidation during storage. Our results showed that lipid oxidation of pork loin was affected by CLA. The TBARS values did not rapidly increase in the presence of CLA. Du et al. (2000) suggested that the increased storage stability of CLA meat could be caused by observed increase in saturated fatty acids and decreased non-CLA polyunsaturated fatty acids. Because CLA is a stable component (Shantha et al., 1995) , it was postulated that high relative levels of CLA could reduce the formation of fatty acid free radicals and subsequent oxidation reactions. It was also suggested that conjugated structure made CLA less susceptible to free radical attacks without CLA itself acting as an antioxidant (Du et al., 2000) . Means within a row with unlike superscripts are different (P < 0.05) (n = 5).
According to Joo et al. (1995; , pork quality could be identified by final pH, color (L* value), and WHC (percentage drip loss) of pork loin. There were no differences in final pH, CIE L*,a*,b* values, or WHC of pork obtained from control and CLA-fed pigs at d 0 (Table  3) . The results indicated that all pork loins represented normal quality and CLA in the diet had no effect on the incidence of PSE (pale, soft, exudative), RSE (reddishpink, soft, exudative), or DFD (dark, firm, dry) conditions. However, intramuscular fat content of the 5% CLA-fed group was significantly higher than that of the control (P < 0.05). The increasing of intramuscular fat content in pork by dietary CLA was in agreement with the report of Dugan et al. (1999) . Highly marbled meat has been observed with less drip loss in pork longissimus (Joo et al., 2000) . In this study, the increased intramuscular fat content appeared to affect WHC of pork loin during cold storage (Table 4) . After 7 d, loin chops from pigs fed a 5% CLA diet had lower purge loss than the control (P < 0.05). The decreased purge loss with increased CLA level in pork loin could be due not only to high intramuscular fat content but also to stability of cell membrane lipids assumed by the observed delay in lipid oxidation for CLA groups.
Dietary CLA also influenced pork loin color during storage (Table 5 ). The L* values of chops from CLA-fed groups increased more slowly than controls, and after 7 d, loins from dietary 5% CLA showed significantly lower L* values than the controls (P < 0.05). Also, after 7 d of storage, b* values of the 5% CLA-fed group were lower than those of control pigs (P < 0.05). The lower L* value of chops from CLA-fed groups indicated less lightness of pork, which may be related to observed WHC (Joo et al., 1999) . It could be possible that the lower b* value of 5% CLA-fed group was due to the improved oxidative stability of intramuscular fat in pork (Table 2 ). It was reported that changes in meat color were related with lipid oxidation (Faustman et al., 1989; Chan et al., 1996) . The effect of CLA on pork color in this study was similar to results of Du et al. (2000) , who showed improved chicken color after 7 d of storage. Dugan et al. (1999) reported that the lightness of pork loin was unaffected by dietary CLA, but slightly higher chroma (color saturation) values were observed with loin from CLA-fed pigs. Our results indicated that CLA slightly delayed the changes in color shift to yellow during cold storage.
Implications
The results obtained from this study demonstrated that conjugated linoleic acid (CLA) concentration in pork depended on the level of CLA in diet. Fatty acid composition of intramuscular fat was changed, and saturated fatty acid content was increased as the CLA concentration increased in pork loin. Lipid oxidation was inhibited with increased CLA in meat. It was assumed that lipid oxidation of pork might be affected by the levels of CLA due to the changes in fatty acid composition. Less water loss of pork loin from CLA-fed pigs was observed during 7 d of storage. Furthermore, the increasing of lightness and yellowness on the surface of pork was not developed as CLA concentration increased. These data imply that the dietary CLA can not only offer beneficial effects on human health, but also improved pork quality that may be identified by its color and water-holding capacity.
